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Tills series of reports results from a program initiated in 1 974 bj 
le Atomic Energy Commission (AEC) for determination of the condition ( 
ites formerly utilized by the Manhattan Engineer District (MED) and tl 
:C for work involving the handling of radioactive materials. Since tl 
irly 1940' 5 , the control of over 100 sites that were no longer require 
)r nuclear programs has been returned to private industry or the publ' 
ir unrestricted use. A search of MED and AEC records indicated that 
)r some of these sites, documentation v/as insufficient to determine 
lether or not the decontamination work done at the time nuclear activ 
?asGd is adequate by current guidelines. 

This report contains the results of a survey of the current radio- 
)gical condition of the Middlesex Municipal Landfill, Middlesex, New i 
ised upon the findings of the survey, there are low levels of radioaci 
t various locations at this site and some type of remedial measures si 
2 considered to preclude any future concern of inadvertent radiation 
<posure to people. 
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ABSTRACT 


A radiological survey was conducted at the Middlesex Municipal 
Landfill in Middlesex, New Jersey. In 1948, dirt contaminated with 
pitchblende ores was brought to this site from a former ore sampling 
plant in Middlesex. This survey was conducted in order to character!: 
the present radiological condition of the site and to determine the 
extent to which contamination is being transported from tlie site by 
natural means suc)i as by drainage. The survey included measurement oJ 
(1) radionuclide concentrations in surface and subsurface soil on the 
site; (2) radionuclide concentrations in surface and subsurface water 
the site and in Bound Brook; (3) beta-gamma dose rates and external 
gamma radiation levels on and near the site; and (4) the rate of 
emanation from the soil on the site. 

It was found that most of the contamination on the site is in the 
top 14 ft of soil; however, there is little contamination of surface 
soil on the site. Average radon emanation rates, average external gar 
radiation levels, and average beta-gamma dose rates on the site do not 
appear to be significantly higher than backgi'ound levels. Furthermore 
radionuclide concentrations in water taken from Bound Brook near the 
site were far below guide values stated in federal guidelines. 


^Research sponsored by the Division of Environmental Conti'ol 
Technology, U.S. Department of Energy, under contract W-740S-eng-26 
with the Union Carbide Corporation. 


SnCTlON I 

,J78 lUDlOKOGICAL S.KVliV OF TO MIDOLF.SLX MUNICIPA., LANn|.| 


IKTROnUCriON 


.u the request of the Department of Energy (1.01:), a rad', oU.g , on , 
uvvey was conducted at the Middlesex Municipal l.nmlt.U n, Mukllcsox, 
low Jersey, The surveyed area Included the outdoor reg.ou shown .n 
•■ig. 1, as well as points located along Bound Brook Doth upstream and 

Jownstream from this region. 

During the 1940s, a poorly drained field on the grounds of ilu- 
Middlesex Sampling Plant had been used as an ore storage area. Dnims 
and ore containers wore stored on this open ground. Occas i onn Uy , 
handling and transfer operations would result in spillagt oi small 
amounts of ore. Consequently, this area became contnmi uatod by small 
pieces of pitchblende interspersed with the muddy soil. Uucovery iil 
this small amount of ore was not feasible under tho coiulitioiis that 


existed. 

In 1948, the Atomic Rnorgy Conunission (AF:C) decided tlia( tliis 
storage area should be paved. The area was graded smooth prior to l>lac 
topping. 'Die excess soil from the grading operation was t ransporUnl u: 
the Middlesex Municipal Landfill. This soil, contaminated hy prcviuvis 
ore spillage, was dispersed over approximately 5 acres of tho lamlCill 
and was used as fill or cover material for sanitary laudfi 11 operat ioiu' 
In 1960, elevated gamma radiation levels wore detected on (hi?- sil 
by civil defense monitors during a local civil defense exorcise. A 
radiological survey of the site was made at that time Ijy the AliCh ' 

was found that external gamma radiation levels over an area of approxi- 
mately 1/2 acre were 20 to 50 times the background levels foimd in tiu' 
surrounding area. The elevated gamma radiation could ho direct ly 
attributed to contamination in the soil transported from tho Sampling 
Plant. After discussions with Borough of Middlesex officials, tl\o AliC 
removed approximately 650 yd^ of the contaminated material nearest tlio 


more than 50 pR/hr. The contaminated material was rcdcposlted at 
AEC- owned site in New Brunswick, New Jersey. 

In 1963, a parcel of approximately 5 acres of the landfill si 
(originally owned by the Borougli of Middlesex) was sold to the Mid 
Presbyterian Church; a churcli was subsequently constructed on that 
parcel. It was determined from discussions with local people that 
the church and the Middlesex Municipal Building wore constructed c 
"nonfill*' or solid ground. Tliis fact was confirmed during a surve 
the landfill by the ARC in 1974 [results of this 1974 survey axe p 
sented in Section II of this report), ‘ihe landfill site is surrou 
by residences wliich approach to witliin 1/4 mile to the south and \\ 
and to the edge of Bound Brook on the eastern and northern edges. 
Results of the 1974 AEC survey indicate that contamination remain! 
tlie property was in an area (See I’ig. 1) of api)roximately 3 acres 
centered 400 ft nortlicast of the churcli. 

The present radiological survey was conducted during June, 19 
members of the Health and Safety Research Division of the Oak Ridg 
National Laboratory (ORNL). The survey was designed to provide ad 

tional data needed to supplement the 1974 survey and to jirovide a 

for comparison between site conditions in 1974 and the present. 1 
survey included the following nieasurcmonts : (1) beta-gamma dose i 

at 1 cm from tlie surface and external gamma radiation levels at th 
surface and tit 1 m above tlic surface throughout the site; (2) cone 
trations of ^"^Ra and in surface and subsurface soil on the s 

(3) concentrations of ^^‘^'I'h, and in surface and 

groundwater on the site and in Bound Brook; (4) gamma radiation Ic 
at various depths in auger holes drilled on the site as a means of 

estimating the ^'^‘"Ra concentrations at tliese locations; and (5) rc 

emanation of ^^^Rn from tlic ground surface. 


SURVEY ME'riiODS 


Instrumentation 

^asurcment of Beta-Gamma Dose Rates and External Gamma Radiation 
?vels 

Beta-gamma dose rates were measured with Gelger-Mucl ler (G-M) 
irvcy meters described in Appendix I. The meters were calibrated at 
UML using sealed isotopic sources and by comparison with a Victoreen 
)del 440 portable ionization chamber. It was determined that, for 
irfaces contaminated with in approximate equilibrium with 

id other radionuclides in the chain, an open-window reading of 

)00 cpm is equivalent to approximately 1 mrad/hr. 

Beta radiation cannot penetrate the closed window on the G-M probe; 
mce, only gamma radiation levels can be measured with the window 
Losed. A significant difference in the open-window and closed-window 
ladings on the G-M survey meter at some point indicates the presence of 
jta-emitting surface contamination, since most beta particles can 
?netrate only a few millimeters of dense materials such as soil. 

External gamma radiation levels were measured with closed-window 
•M survey meters, with the Nal scintillation meters described in 
)pendix I, and with the Phil gamma-ray dosimeter.^ The scintillation 
‘tectors were standardized daily on the site through the use of scaled 
>otoplc sources. The observed meter responses were standardized by 
)mparison with the closed-window G-M survey meters at gamma radiation 
jvels high enough that the rate meters on the instruments could be read 
:curately. 


Methods Used to Analyze Samples 

Samples of soil collected on the site v^ere packed in plastic bags 
id returned to ORjNL, where they were dried for 24 hr at 110°C and then 
ilverized to a particle size no greater than 500 pm diam (35 mesh). 

!Xt, aliquots from each sample were transferred to plastic bottles, 
iighed, and counted using a Ge(Li) detection system to obtain the 


fhich sorts pulses corresponding to different gamma-ray energies. The 
concentration is obtained through the use of a computer program 
'hich integrates under photon peaks corresponding to 352, 609, 1120, a 
764 keV; these are gamma-ray energies associated with daughters of 
^^Ra. Because these photopeaks are used, counting is normally done 
ibout 30 days after grinding to allow equilibration of radon with ^^^R 
'hese estimates of ^^^Ra concentratiojis are presented in this report, 
iescription of the rje(Li) detector and soil counting techniques is giv 
II Appendix If. 

A measurement of the concentration in each sample was obtain 

ly neutron absorption analysis techniques.^ 

Water and sediment samples collected on and near the site wore 
inalyzed by the Analytical Chemistry Division of ORNL for ^^®Pb, 
ind ^^°Th, using techniques described in Appendices to the ORNL Master 
lanual. The samples were analyzed for using the neutron absorpti 

echniques previously mentioned.^ The activity reported for each radi 
luclide (except in the water sediment samples represents only th 

lorcentage of the activity (normally between 50 and 100'^) available by 
lOt HNOj leaching. 

All direct survey meter readings reported in this document repres 
;ross readings; background radiation levels have not been subtracted, 
iimilarly, background levels have not been subtracted from radionuclid 
oncentrations measured in environmental samples. 

Survey Procedures 

An area considered large enough to encompass all of the radioacti 
latorial on the site was divided into 100 ft x 100 ft “survey blocks*' 
;he rectangular grid system shown in Pig. 1. Next, the area was sub- 
iivided into 50 ft x 50 ft survey blocks by dividing each 100 ft x 100 
.urvey block in this area into four equal parts. At each grid point 
;i.c,, at the intersection of mutually perpendicular grid lines) open- 
ind closed-window G-M survey meter readings were taken at 1 cm from th 
iLirface, and a gamma scintillation survey meter reading was taken at 1 


(iMinma sci)it i Hnt j on survey meter lieUl 
contamination was sccinncd a gamma bemtu 

near the surface. The maximum observed gamma radiation level in the 
block v.as recorded; and at the maximum gamma point, open- and closed- 
window G-M measurements were taken at 1 cm fiom the sui face. 

Holes were drilled with a motorized rig equipped with an H-m.-di; 
auger, usually to depths of 10 to 20 ft., at the locations shown in 
Fig. 2. (Holes 1 through 9 were drilled and tested by ORNI. in 


February, 1978, in conjunction with an engineering assessment of tlie 
site made by bord. Bacon and IJavis Utah.) A plastic jilpc with a d-in. 
inside diam was placed in each hole, and a Nal scintillation probe was 
lowered inside the pipe, Tlie probe was encased in a load shiehl with < 
narrow collimating slot on the side. This arrangement allowed iikmsliiiv 
rnents of gamma radiation intensities resulting from contamination with 
small fractions of the hole depth. Measurements wore usually made a( 

6- in. or I- ft intervals. This "logging'^ of the core holes was done in 
order to define the profile of radioactivity underground aiul as a firsi 
step in deteinnining the extent of subsurface contami nation at each 
location. Moreover, the loggings were used to estimate tlic ^^^’Ra con- 
centration in contaminated regions. The procedure used lor these 
estimates is described in Appendix III. for each hole showing c leva Lei 
gamma levels, a sample of the potentially contaminated material brough 
up by the auger was collected for analysis of ^^^Ra and 

The results of auger hole loggings were used to select locations 
where further soil sampling would be useful. At points as close as 
practical to selected auger holes, a split-spoon sampler was used to 
collect soil at intervals of 6 in. throughout the contaminated zone. 
The concentrations of and were dotermined for these sami)les 

Surface samples were collected at the J oca t Jons shown in fig. ."S. 
Most of the surface sampling locations (as well as the drilling loca- 
tions) were chosen to provide random and representative sampling, 
Howevoi', those locations labeled "B" in Fig. 3 arc "biased" in that tin 
were chosen for sampling because of high radiation levels at these 


points , 


locations described in Table 1. Most samples were analyzed for 
and 

Measurement of the Flux of 

Since activated charcoal readily adsorbs ^^^Rn, an estimate of t 
radon flux from ground surfaces was obtained by placing canisters cor 
taining charcoal in direct contact with the ground (see Ref. S) . Aft 
a period of exposure wliich ranged from 1 to 2 days, the canisters wci 
removed, ajid tlie radon daughters were allowed to achieve ecpii 1 Ihrium. 
Tl\c amount of radon adsorbed on the activated charcoal canister was 
determined by coujtting the gamma emissions from and usin^ 

3 X 3-in. Nal scintillation detector coupled to a multichannel pulse 
Iteight analyzer. 

The canisters were distributed uniformly over the site. These 
modified U.S. Army M-11 gas mask canisters were twisted into the soil 
a depth of 1 cm and scaled with additional soil, A total of 41 canii 
was used [see Fig. 4). Tl\ose individual readings were then used to 
estimate the average rate of emanation of over the entire site, 

SURVEY RESUL’FS 

Background Measurements 

Background external gamma radiation levels at 1 m above the groi 
in the Middlesex vicinity range from 5 to 10 ijR/hrj the average rate 
8 pR/hr, Concentrations of ^^^Ra and in background soil in the 

Middlesex area are typically near 1 pCi/g. Background beta-gamma do* 
rates, as measured with the G-M survey meters used on the site, aven 
approximately 0.01 or 0,02 mrad/hr. 

Measurement of Beta-Gamma Dose Rates and 
External Gamma Radiation Levels 

Grid point measurements of gamma radiation levels at 1 m are s)k 


block. 'Hus same reporting scheme is used in Fig. 6, which shows the 
average measurements of the beta-gamma dose rate at 1 cm from the 
ground. It appears from these results that the area designated by the 
1974 AHC survey as containing the bulk of the contamination did not 
display average radiation exposures which are significantly higher tha 
the rest of the landfill site. However, there are isolated spots in 
this area which do show elevated levels of radiation exposure. The 
results of a scan of the area thought to be contaminated are sliown in 
Pig. 7. Highly elevated readings were obtained in only three of the 
50 ft X 50 ft survey blocks. The higliest readings (1.1 inR/hr gamma ra 
only and 7.3 mrad/hr beta plus ganmta ray) were taken directly on the 
surface and were associated with a small rock whicli was subsequently 
removed from the soil and returned to ORNL for analysis. Removal of 
til is rock resulted in only a sliglit reduction in the gamma- ray exposur 
rate at tlic surface. 

It should be emphasized that this radiation profile reflects only 
average external gamma radiation levels at i m and should not bo inter 
pretod as showing point-by-point radiation levels. It should also be 
pointed out that since the higliest background external gamma radiation 
level measured In the vicinity of the site was 10 pR/hr, all ineasureme 
of 10 pR/lir and below sliould not be u.sed to indicate contamination. A 
way be noted from Pig. 5, all survey blocks had average gamma radiatio 
levels less than 10 pR/hr. Thus, the data indicate that the site has 
average external gamma exposure rate which cannot be di.stinguished fro 
the background level. 

Only one area had external gamma radiation levels which exceeded 
the limits of background. This area of approximately 500 ft^, located 
near grid point 4+0, 2Q0R, shows an average external gamma exposure 
level at 1 m of 30 pR/hr. 

According to Nuclear Regulatory Commission (NRC) guidelines given 
in Appendix IV for the release of property for unrestricted use, avera 
and Fnaximum beta -gamma close rates measured at 1 cm should not exceed 
0,2 mrnd/hr and 1.0 mrad/hr, respectively. Only one reading on the 


associated with the previously mentioned rock which was removed for 
analysis. All other beta-gamma readings obtained on site wore below 
guidelines . 


Results of Surface Soil Sample /\nalyses 

Surface soil samples were collected at various points throughoul 
the site. As discussed earlier, most sampling locations were chosen 
according to a scheme devised to provide random, unbiased sampling, 
Tliose samples which were taken at spots chosen because of high radial 
levels are “biased" and are labeled with a "B" in Table 2. Concentre 
tions of ^^®Ra and in random surface samples are also listed in 

Table 2. Radium-226 concentrations in these random samples ranged 
1.8 pCi/g, and concentrations ranged up to 2.3 pCi/g. The avert 

concentration of and for all random surface samples was 1< 

than 1.0 pCi/g and 1,22 pCi/g, respectively. These values may be coi 
sidered to bo "background." The biased sample taken at location B2 
(Pig. 3) showed a concentration of 150 pCi/g; this location 

coincided with the maximum observed gajnma and beta-gamma radiation 
levels mentioned above. A small rock taken at location B4B (Pig, 3) 
few indies beneath the surface showed a concentration of 1100 p( 

Results of Subsurface Soil Sample Analyses 

Holes were augered to depths of up to 25 ft at the locations sh< 
in Fig. 2. At most of those locations, the material brought up by tl 
auger was probed with an open-windov\' G-M survey meter, and a sample < 
material showing elevated readings [or a sample taken at random, if j 
elevated readings were observed) was taken for analysis of ^^^Ra and 
The concentrations of these radionuclides in the "grab" sampl( 
are shown in Table 3. 

At locations 12, 17, and 29, holes were "cored" rather than "auj 
That is, a split-spoon sampler was used to collect sulisurface sample; 
known depths. Concentrations of and in these core sample; 
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comparison of the subsurf ^ section Survey Methods.*' 
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concentrations in subsurface soTriT’ ^ cstin,atinj 

(see Appendix iii). Hsti.ates conctrinTl ^ 

scxl, as determined by the auger hole logging ZTlill 
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was found agrees with the region ^ subsurface contam: 
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^ig. a, along With a larger region wh:re th^^Trsom^ 
contamination or low-levf^i r. ^ . scattered su 

!• oontamination DossThitr a 

radioactive materials, miile the * ^ ^®eehlng o 

very nonuniformly distributed aminated material appears to I 

material are indicated in Fig, 9. 


Results of Radon Emanation Study 
The rate of emanation of 
-scribed in the section ..urvey ZZs^TT^ 
results of radon emanation measureme t ’ locations anc 

l>e seen from these results that th " indicated in Fig. 4. 

-ndfili Site is approximately 0 23 ZuT 

-re located in the area that ha: been designTteT' "" 
as containing the bulk of the oe . • ^n previous sect: 

Bound Brook. The rate at which 

background concentrations of h emanates from soils containin 
gators, and these values mav he °ther inves 

here. WURening^ found ^i^Rn emanTtr"'’ 
per sec. Furthermore, background radon au^mf"^'’ 

■“•t*”" l™ th. u„d,iu 1, pen „n. „ 


Radon and Radon Daughters 

The results of the radon emanation studies at this site were used 
estimate the probable maximum concentration of radon and radon 
ighters in air on the site. It is estimated that the maximum ^^^Rn 
icentration at the site is less than 0.01 pCi/litcr above the back- 
)und concentration in the Middlesex area. Tliis estimate employs an 
)irical relation developed by Scluager^ and assumes conservative 
leorological conditions. Furthermore, tlie radon concentration measure( 
the roof of the Middlesex Municipal Building averaged 0.04 pCi/ liter. 

) average concentration measured at two otlier Middlesex locations 
-ch could be considered as background was 0.06 pCi/litcr.^ It may be 
itod that the concentration of resulting from contamination at 

? site is indistinguishable from background. 

The concentration of short-lived daughters is estimated to be 

js than 0,0001 working level.* Tl\c average radon daughter concen- 
ition measured in the parking lot of the Middlesex Municipal Building^ 

5 less than 0.001 working level. Tills may be compared with the 
jrage radon daughter concentration in the Middlesex area, which is 
lically 0.002 working level. ^ 

Results of Water Sample Analyses 

Concentrations of ^^°Th, ^^^Ra, and in water samples 

cen from streams near the site that receive water from the site 
irectly or indirectly) arc given in Table 1. In all cases, concen- 
itions of these radionuclides were well below the concentration guides 
: water (RCG^) stated in 10 CFR 20, Appendix B.® These radionuclide 
icentrations appear to be reasonably typical of background values. 

Samples of groundwater which was encountered in drilling were taken 
)m 11 holes. The results of analyses are found in Table 5. It may be 
:ed that no sample had or concentrations which exceeded the 

icentration guides of 10 CFR 20,® The low concentrations of these 


*A wnrkinfi IpvgI is defined as anv combination of short-lived radon 


radionuclides indicate tl\at leaching into groundwater and subsequent 
migration may not be very extensive at this site. 

SUMMARY 

In 1948, dirt contaminated with pitchblende ore was dumped on this 
site, A combination of analysis of subsurface soil samples and gamma 
scintillation probe "loggings" of 18 holes .‘Uigered on tliis site to 
depths of 25 ft reveal the general location of tl>c bulk of this coutami 
nation (see Figs. 8 and 9). Most of the contamination is in tlic top 
14 ft of soil in an area covering 400 x .'500 ft in the center of the 
site. There is little contamination in the surface soil. Average rado 
emanation rates, average external gamma radiation levels, and average 
beta-gamma dose rates do not appear to be significantly different from 
background levels. There may be some leaching of subsurface contaminan 
toward Bound Brook (sec Fig. 8 and 9). However, available data indicat 
that the amount of leached material is very small at present, I'urtherm 
the spread of scattered activity into these areas may bo attributable t 
previous landfill opei*ations. Concentrations of ^^'^Th, 

and in water samples taken from Bound Brook near the site were far 

aelow guide values stated in 10 CI’R 20, Appendix B, and were wltliin the 
loriiial range of background concentrations. 

An evaluation has been made of current radiation exposures at the 
Middlesex Municipal Landfill and is presented in Appendix V (page 67) o 
this report. The purpose of tliis evaluation is to present information 
diicli will permit the reader to compare current radiation exposures froi 
the site to normal background exposures for that jiart of New .Jersey, as 
4ell as to scientifically based guideline values estalilishcd for the 
irotection of radiation workers and members of the general public. 
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Fig. 5. Average external gamma radiation levels CuR/hr) in survey 
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lalil e 

1. Concent rat i oils of 

^ 1 '3 PI, ^ + 


aiu! ^ "*0 (pCi/ml) 


111 water samples 

from streams receiving 

watei' from 

site 

Sample 
es i t^iuiL i on 

l.ocation 

IMCpi, 


^‘‘’Ra 


MOW JO 

Amiirosc Brook at 
l^aritan Avenue 

<0.003 

■- 0 . nous 

Ml.OOOS 

Background ^ 

mow: 1 

Hennu! Brook at 
i/nion Avenue 

<0. 0U.3 

0.0005 

<0.0005 

0.002 

MOWJJ 

Bouiul Brook at 

Bound Brtjok Road 

<0 . 00 '1 

<0.0005 

^0. 0005 

0.002 

mow: a 

Bouiul Brook 4B0 ft 
downstream from j^rid 

1 i ne 0 + 0 ( !• ig . 1 ) 

<0.003 

<0 . 001 

-0.0005 

0.004 

MOW2-1 

Bound Brook at grid 
lino - 1 M) ( I- ig . 1 ) 

<0.004 

<0.001 

<0.0005 

0.017 

MOWJS 

Bound Brook at grid 
line 1+0 (Pig. 1) 

<0.003 

•'O.OUU5 

M). 0005 

Background 

M0W20 

Bound lirook at grid 

1 i no 3 +0 ( I- ig . 1 ) 

<0.003 

<0.0005 

<0.0005 

0.0003 

MOW 2 7 

Bound Br(.)ok at grid 
lino 3 + 0 ( !• i g. 1 ) 

<0.00.3 

<0.0005 

-0.0005 

Background 

MOW 2 8 

Bound Brook at grid 
line 7+0 (Pig. 1) 

<0.004 

< 0 . 000.5 

<0. 000.5 

0.0005 

MOW2S 

Bound Brook at Soutli 
Lincoln Avenue 

<0.004 

<0.0005 

<0.0005 

0.003 

:lX; (soluble) 

\v 

b 

U. 1 

2 

0.0.3 

40 


'^"Back {ground" Is loss tl\;m 0.02 ppm. 
^in CPU .10, Appendix B. 




Table 2. Concentrations of Ra and " U (pCi/g) 
in surface soil samples 


Sample location 
shown in Pig. 3 


S 30 u 

1 

Q.y 

l.l 


1.2 

1.4 

3 

1,0 

1.2 

4 

0.9 

1 . 2 

5 

0.2 

0.2 

6 

0.8 

1.1 

7 

0 . 7 

0,9 

8 

0.7 

1.0 

9 

0.9 

0.9 

10 

0.0 

0.6 

11 

1.1 

1.3 

12 

1.4 

1 . 1 

13 

0 . a 

1 . 1 

14 

0.3 

0.4 

15 

0.7 

1.5 

1C 

1,0 

1.7 

17 

0.9 

1.0 

18 

0.5 

0.9 

19 

1.0 

1.3 

20 

0.4 

0.6 

21 

0.9 

0.6 

22 

0.6 

0.7 

23 

0,7 

0.9 

24 

1.4 

1.8 

25 

0.8 

1 . 1 

26 

1.2 

2.3 

27 

0.5 

0.9 

28 

0.6 

1.0 

29 

0.6 

0.7 

30 

0.9 

1.3 

31 

0.5 

0.7 

32 

0.7 

0.9 

33 

0.4 

0.6 

34 

1.0 

1.2 

35 

0.7 

0.7 

36 

0.7 

1.0 

37 

0.6 

0.8 

38 

0.4 

0.5 

39 

0,9 

1.3 

40 

0.8 

0.7 

41 

0.8 

1.3 

42 

0.5 

1.2 

43 

0.6 

0.6 

44 

0,6 

n.4 



u CpCi/g) 


Table 2 (cont.)* Concentrations of and 

in surface soil samples 


Sample location 
shown in Fig. 3 

^ ^ *^Ra 

2 3e,j 

46 

0.7 

1,1 

47 

0.5 

0.8 

48 

0.8 

2.0 

ni 

0.6 

1.0 

B2 

150 

93 

B3 

1.1 

1.6 

B4A 

3.6 

1.0 


— 

1100 


"^'rhis sample was actually a small rock taken a few 
inclics beneath tlic surface; not enough sample was present 
for ^^^Ra determination. 






Table 3. Concentrations of and (pCi/g) 

in subsurface soil on the landfill site 


Sample 

designation*^ 

MCDl 

lA 

1C 

IE 

MCD2 

2A 

MCD3 

3A 

3B 

3C 

3D 

MCD4 

MCD5 

5A 

MCD6 

6A 

6C 

6D 

6E 

6F 

6G 

MCD7 

7A 

7B 

7C 

MCD8 
MCD9 
9A 
9B 
MCDIO 
MCDll 
MCDl 2 
12A 
12B 
12C 
12D 
12E 
12F 
12G 
12H 
12K 
12L 
12M 


Depth 

(ft) 



b 

0.7 

1.0 

0 - 2.0 

1.0 

1.2 

5.0- 7.0 

0.8 

0 . 9 

10.0-12.0 

2.9 

3.0 


0.6 

0.7 

0 - 2.0 

0.6 

0.(1 

-- 

1.5 

2.0 

1.0- 2.0 

2.8 

2.4 

3.0- 5.0 

1.0 

2.5 

5.0- 7.0 

0.7 

1.5 

7.0- 9.0 

0.7 

0.7 

-- 

l.S 

2.5 

-- 

1.1 

2.8 

9.0-11.0 

0.4 

0.7 

-- 

0.6 

0.(1 

0 - 2.0 

0.9 

1.2 

5.0- 6.0 

0.8 

0.8 

6.0- 8.0 

0.6 

0.(1 

8.0-10.0 

0.6 

0.() 

10.0-12.0 

0.5 

0 . 5 

12.0-14.0 

0.5 

0.8 


2.7 

3.7 

0 - 2.0 

12 

0,7 

2.0- 3.0 

1.5 

1.2 

3.0- 4.0 

5.5 

5 . 5 

-- 

1.2 

1.4 

— 

0.7 

0.9 

15.0-17.0 

0.5 

0 . 9 

20.0-22.0 

1.0 

1.0 

- - 

3.2 

I , 1 

_ — 

2.2 

2.3 


0 - 1.0 
1 . 0 - 2.0 

2.0- 3.0 

3.0- 4.0 

4.0- 5.0 

5.0- 6.0 

6.0- 7.0 

7.0- 7.5 
10.0-11.0 
11.0-12.0 
12 . 0 - 1 t n 


7.0 
0.9 

1.0 
0.9 
0.7 
0.6 
0.6 
0.6 
0.5 
0.5 
0.6 


1 .0 
1.2 
1.3 
1.2 
l.O 
1.3 
0.7 
0,9 
0.7 
0.8 
0.7 



Table 3 (cont.). Concenti'ations of and CpCi/g) 

in subsurface soil on the landfill site 


Sample 
les 1 gnat ion 

Depth 

(ft) 


2 3 8y 

MCI) 14 


1.9 

1.7 

MCI) 15 

-- 

170 

140 

MCD16 


2.0 

2.3 

16A 

0 - 1.0 

0.8 

1.1 

16B 

1.0- 2.0 

0.8 

1,3 

MCD17 


1000 

630 

\lk 

0 - 1.0 

0.6 

0,8 

17B 

1.0- 2.0 

0.5 

0.7 

lie 

2.0- 4.0 

1.1 

1.4 

171- 

4.0- 5.0 

4.8 

7.1 

17F 

5.0- 6.0 

25 

28 

17G 

6.0- 7.0 

19 

19 

1711 

7.0- 8.0 

6.2 

8.2 

171 

8.0- 9.0 

6.1 

4.1 

17.) 

9.0-10.0 

2,0 

2.1 

MC1)18 

__ 

9.4 

8.4 

MCI) 19 

-- 

12 

11 

MCI)2() 

__ 

1.5 

2.5 

MCD2 1 

-- 

0.7 

1.1 

MCD22 

-- 

0.7 

0.8 

MC;D23 

-- 

1.4 

2.3 

MCi)24 

-- 

1.1 

1.7 

MCD25 

-- 

1.6 

1.4 

MCD26 

-- 

1.1 

1.1 

MCn27 

-- 

1.1 

1.1 

MC029A^ 

0 - 1.0 

1.1 

1.2 

29 B 

1.0- 2,0 

5.8 

8.8 

29C 

2.0- 3.0 

54 

58 

29D 

3.0- 4.0 

40 

49 

29 F 

5.0- 6.0 

16 

22 

29G 

6.0- 7.0 

1.0 

1.4 

29J 

8.0-10.0 

2.0 

3.0 


‘^Number refers to hole locations as shown in Fig, 2. 

^Samples for which no depth is given were taken from auger turnings 
>/hile the hole was being drilled. 

^Mole 28 collapsed before any samples could be taken. 



Table 4. Estimated'^ concentrations of 

(pCi/g) 

in subsurface 

soil on the landfill 

site 

Location shown 

Depth 


in Fig. 2 

(ft) 

10 

0 -19.0 

<1.0 

11 

0 

9.0 


1.0 

10 


2.0 

21 


3.0 

11 


4.0 

9.0 


5.0 

6,0 


0.0 

7.0 


7.0 

6,0 


8.0 

5.0 


9.0 

5.0 


10.0-12.0 

<1.0 

13 

0 

<1.0 


1.0 

<1,0 


2.0 

2.0 


3.0 

<1.0 


4.0 

4.0 


5.0 

3.0 


6.0 

4.0 


7.0 

5.0 


8.0 

4.0 


9.0 

3.0 


10.0 

4.0 


11.0 

4.0 


12.0 

5,0 


13.0 

9.0 


14.0 

10 


15.0 

12 


16.0 

4.0 


17.0 

1.0 

14 

0-2S.0 

<1.0 

15 

0- 6.0 

<1.0 


7.0 

2.0 


8.0 

3.0 


9,0 

3.0 


10.0 

5.0 


11.0 

5.0 


12.0 

5.0 


13.0 

9.0 


14.0 

27 


15.0 

16 


16.0 

6.0 


17.0 

4.0 



'I’ahlc 4 (cont.)* Ostimcited'^ concentrations of (pCi/g) 

in subsurface soli on the landfi 11 site 


Location shown 
in 1-ig. 2 

Depth 

(t't) 


16 

0-22.0 

<1.0 

18 

0-5.0 

<1.0 


6.0 

4,0 


7.0 

12 


8.0 

2 


9.0 

<1,0 


10.0 

2,0 


11.0-19.0 

<1.0 

19 

0- 4.0 

<1.0 


5.0 

9.0 


6.0 

21 


7.0 

9.0 


8.0 

47 


9.0 

36 


10.0 

8.0 


11.0 

8.0 

20 

0-17.0 

<1,0 

21 

0-18.0 

<1.0 

22 

liole fell in 


23 

O-IO.O 

< ] . 0 

24 

0-12.0 

<1.0 


12.0-19.0 

4.0 

25 

0-13,0 

<1.0 

26 

0-12.0 

<1.0 

27 

0-22.0 

<1.0 

28 

hole fell in; 
no log 



‘^Estimated from gamma radiation intensities in auger 
holes . 





Tabic 5. Concentrations of radionuclides 
in groundwater samples 


Sample no. 

(pCi/ liter) 

2 3 8^j 

(pCi/liter) 

MCDIO 

<0.5 

0.3 

MCD15 

0.9 

4.1 

MCD16 

<0.5 

<3^ 

MCD17 

1.4 

11 

MCD18 

<0.5 

<3^ 

MCD20 

1.4 

<3^ 

MCD23 

<0.5 

10 

MCD24 

<0.5 

3.2 

MCD25 

<0.5 

<3^ 

MCD26 

<0.5 

5.0 

MCD27 

5.5 

0.05 


‘^Identification numbers refer to augered 
hole locations shown in Fig. 2 

T 

For these samples, 3 pCi/liter of 
was the minimum measurable activity. 





APPENDIX I 

DESCRIPTION OF RADIATION SURVEY METERS 




RADIATION SUUVBY MHTERS 


Beta-Caniina Survey Meter 

A portable Geiger-Muellcr (G-M) survey meter Is the primary instru- 
ent for measuring bet a- gamma radioactivity. The G-M tube is a halogcn- 
licriclied stainless steel tube having a 30 mg/cni^ wall thickness and 
resenting a cross-scctional area of approximately 10 cm^ . Since the 
-M tube is sensitive to both beta and gamma radiation, measurements are 
aken in both an open-window and a closed-window configuration. Beta 
adiation cannot penetrate tlic closed window, and tlius the beta rending 
an be determined by taking the difference between the open- and closed- 
indow readings. This meter is shown in Fig. I -A. 

The G-M survey meters were calibrated by cojnparison with a prccali- 
rated Victorcen Model 440 ionization chamber (Fig. I-B). 'I'he opon- 
Indow calibration factor was found to be 2000 cpm per mrad/hr for 
ur faces contaminated with in equi librium with and 2300 cpm 

er mrad/l\r for surfaces contaminated with initially pure uranium. The 
loscd-window (gamma) calibration factor, determined by use of a Nationa 
urcau of Standards (NBS) standard source, was 3200 cpm per mrad/h 

Gamma Scintillation Survey Meter 

A portable survey meter using a Nal scintillation probe is used to 
easure low-level gamma radiation exposure. Tlie scintillation probe is 
3.2 X 3.8-cm Nal crystal coupled to a photomultiplier tube. 'Diis 
robe is connected to a Victorcen Model Tliyac III ratemeter (see 
ig. I-C). This unit is capable of measuring radiation levels from a 
cw pR/hr to several hundred pR/hr. This instrument is calibrated at 
UN'h with an NBS standard ^^^Ra source. Typical calibration factors are 
f the order of 300 cpm/pR per hr. 

Tlie mobile laboratories shown in Fig. I-D are used during each 
ormal survey to serve as a control center and to house instruments and 
ther equipment needed during the survey. Bach lab is equipped with its 

uin onnr-s nt' nrifl mrihilp T'nH i n- 1 n 1 r>nli miP' wp 1 1 a nwn 




Fig. I-B. Victoreen Model 440 ionization chamber. 






Mobile labs used for logistic support during surveys. 




APPENDIX II 

DHSCRIPTION OF C.E(LI) DETECTOR AND 
SOIL COUNTINC PROCEDURES 




DliSCRIPTION 01- Gc(Lj) DHTHCTOR SYSTIiM 


A holder for twelve 30-cin^ polyethylene bottles (standard contaii 
for liquid scintillation sajiij^lcs) and a background shield have been 
designed for use with a 50--cm^ Cic(Li) detector system (see Fig. II-A) 
During counting of the samples, the holder is used to position ten of 
the sample bottles around the cylindrical surface of the detector, 
parallel to and symmetric about its axis, and two additional bottles 
across the end surface of the detector, perpendicular to and symmetric 
with its axis. With a 300-cm^ sample and a graded shield developed f 
use with the system, it is possible to measure 1 pCi/g of ^^^Th or 
with an error of ±10% or less. 

Pulses are sorted by a 4096-channel analyzer (see Pig. It-B), 
stored on magnetic tape, and subsequently entered into a computer pro 
gram which uses an iterative least-squares method to identify radio- 
nuclides corresponding to those gamma-ray lines found in the sample. 
The program, which is accessible through a remote terminal, relies on 
library of radioisotopes which contains approximately 700 isotopes an* 
2500 gamma rays and which runs continuously on the IBM-360 system at 
ORNL. In identifying and quantifying six principal gamma-ray 

lines are analyzed. Most of these are from ^'‘*Bi and correspond to 2' 
352, 609, 1120, 1765, and 2204 keV. y\n estimate of the concentration 

is obtained from an analysis of the 93 keV line from its daughte 
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Ge(Li) counting systems. 



APPHNDIX III 


PROCEDURE POR ESTIMATING CONCENTRATIONS 

PROM G^MMA SCINTILLATION PROBE LOGGINGS 




Since the gairtma radiation intensity of subsurface soil contaminatec 
fith and other radionuclides from the chain depends cliiefly 

m the concentrations of ^^®Ra and daughters present, gamma scintil- 
ation probe loggings in auger holes can be used to estimate ^^^Ra 
;oncentrations in subsurface soil. In the case of the Middlesex site, 

!9 auger holes were logged. At two of these holes, soil samples were 
extracted at intervals of approximately 6 in. By comparison with 
icintillation probe readings at corresponding depths, a "best-fitting" 
;urve, y = llx - 12.8, was obtained, where y is the concentration 

.n pCi/g and x is the meter reading in thousand counts per min. Using 
:his conversion, the concentration was estimated from gamma 

'adiation levels measured in auger holes. 



APPI-NDIX IV 

PHUTINENT RADIOLOGICAL REGULATIONS, 
STAN'UARDS, AND GUIDEITNES 




tiUIDP.LINIiS I'OR D13CONI'n\MINATION OP PAG I LI TILS .AND EQUIPMENT PRIOR 
TO RLLLASn POR UNRliSHUCTEP USE OR TERMINATION OP LICENSES FOR 
BY-PRODUCT, SOURCE, OR SPECIAL NUCLEAR MATERIAL 


U.S. Nuclear Regulatory Commission 
Division of Pud Cycle and Material Safety 
Washington , D. C, 20SSS 


Tlie instructions in this guide in conjunction with Table lV-1 specify 
the radioactivity and radiation exposure rate limits which should be 
used in accomplishing the decontajnination and survey of surtaccs 
premises and equipment prior to abandonment or release for unrestricted 
use. The limits in Table lV-1 do not apply to premises, equipment, or 
scrap containing induced radioactivity for which the radiological con- 
siderations pertinent to their use may be different. 'Ihe release of 
such facilities or items from regulatory control will bo considered on a 
casc-by-case basis. 

1. The licensee shall make a reasonable effort to eliminate residual 
contamination. 

2. Radioactivity on equipment or surfaces shall not bo covered by 
paint, plating, or other covering material unless contamination 
levels, as determined by a survey and documented, are below the 
limits specified in Table IV-1 prior to applying the covering. A 
reasonable effort must be made to minimize the contamination prior 
to use of any covering. 

3. The radioactivity on the interior surfaces of pipes, drain linos, 
or ductwork shall be determined by making measurements at all 
traps, and other appropriate access points, provided that contamina- 
tion at these locations is likely to be representative of contamina- 
tion on the interior of the pipes, drain lines, or ductwork. 

Surfaces of premises, equipment, or scrap which are likely to be 
contaminated but are of such size, construction, or location as to 
make the surface inaccessible for purposes of measurement sliall bo 
presumed to be contaminated in excess of the limits. 

4. Upon request, the Commission may authorize a licensee to relinquish 
possession or control of premises, equipment, or scrap having 
surfaces contaminated with material in excess of the limits specified 
Tills may include, but would not be limited to, special circumstances 
such as razing of buildings, transfer or premises to another organi- 
zation continuing work with radioactive materials, or conversion of 
facilities to a long-term storage or standby status. Such reauest 


a. Pioviclc detailed, specific information describing the premises, 
equipment or scrap, radioactive contaminants, and the nature, 
extent, and degree of residual surface contamination, 
h. Provide a detailed health and safety analysis which reflects 
tliat the residual amounts of material on surface areas, 
together with other considerations such as prospective use of 
the premises, equipment or scrap, are unlikely to result in an 
unreasonal)le risk to the health and safety of the public. 

Prior to release of premises for unrestricted use, the licensee 
shall make a comprehensive radiation survey which establishes that 
contamination is within the limits specified in Table IV-1. A copy 
of the survey report shall be filed with the Division of Fuel Cycle 
and Material Safety, LISNRC, Washington, D.C. 20555 , and also with 
the Director of the Regional Office of the Office of Inspection and 
Cnt'orcement , IJSNRC, having jurisdiction. The report should be 
filed at least 30 days prior to the planned date of abandonment. 

The survey report shall; 

a. Identify the premises. 

b. Siiow that reasonable effort has been made to eliminate residual 
contamination. 

c. Describe the scope of the survey and general procedures 
followed. 

d. State tlie findings of the survey in units specified in the 
instruction. 

Lowing review of tiie report, the NRC will consider visiting the 
ilities to confirm the survey. 



Table IV-1. Acceptable surface contamination levels 


i = 
I ^ 




u 
C •-) 
n 3 
■V 

' o 

so 

10 a 

M 


• o 

ir, -o 
lO 

n T3 

I o 
D *-1 

r) O 


- 10 

O ri cr* 


■rim lo n 


c c- -x a: 


3 o fv 
•/. to oi 
C oi rj 

I I 


(-■ O 
li 

*J (ft 
t-i o 

■H 

e o 


rj o 

«"3 


IJ lO 
rj 01 

c n lO rj £ £ 


- 3 H < Ha: 


t- to 3 
O > 

<-> o 
c a.jD 
o i> ro 
<- u 
7) X T) 

■7) o o 

(- M 

K O 

3 C C 

o 

to It 

o 

C.. 7. £ 


n uh o 


ri rD 
C 

— .ij 


£ .*H 

'J 

•»*< 


•3 3 

3 O 


3 

C .C 
C 

‘r-l 

7. D 
7. t— 

e Ih 

a o 

M 

O -J 


^ TD 
rj 

(-■ "J 


rt o 


X S 

o x 


I-. d 



o ?•« 

rt 

•A 

M rJ) 

c 

• <-4 

4 i • ^ 

M o 


•»-l »-4 

rt 

n 

Fj 


o 

O 

■p rt 

l4 


■ ft 

n 

rJ 

Ov ^ * 


y ' 

C li 

<4* 

d 

M 

■j 

n i: 

r** n 

rJ 

or. rj 

H 

• 

1 x: 



♦-» 

o 

r3 o 

I-) 

>» > 

V. n. 

q; Zj 

.o -* 

•fi 

x: J*« 

♦J 

■/. ^ 

O 

O 

r. 

n H 

o m 

li o 

o 

u: o 





4w O 

r* Ti} 

**-< "D 

c 


o »*< 


o 


c x: 


A o 

oO 

o 

4 ' .CZ 

♦-» 3 

'a o 

a </. 

.-4 o 



n 

o *-» 

(j 

1/1 .c 


3 O 
"3 O 

- R r: 

3 ;'3 O 

O 

.r: (J c 

(/> j:; O 

TO *-> 

tu cii rJ 

t. r. n 

to ■'H 5J 

lO. fi 

(U -x d 3 

o o tJ ,r 


c 


c 


rt 

B 


.c 

rt 

•7 C 



• 4^ 


x: 

■ rH 



p 

U-4 

7 O 


0 

♦ J 


p 

P 

u 



P 

rt (j 

-o 

rt 

0 



z. 

o 


o 

rt 


fC 

rt 

rt 


ir. 

0 

> 


p 

71 

XJ 'll 

rt 

(4H 

a. 

p 

c 


o 


o 


R 


p 

»/i 

5 

rt 

Ch 




^♦-4 

rt X 

>» 

rt 

0 

1 

Cl 


-rt 



o 

« 

4—4 

71 

p 

rs 

e 

rt 

o 




" > 

4-H 



p 





o 


Hi C 

rt 

.c: 




rt 

rt 


c 

Vi 

I-. c 

fC 


c 

• 

Cl 

rt 

p 



u 

3 O 

o 

•*H 

0 

cJj X 

»j 


o 




7 J-. 

.4-4 



1 


>s 

> 


o 

o 

7 



4—1 

fj P 

c 

X 

rt 



o 

o r: 

u 

'U 


P c 

'H 



p 

rt 


j< dj 

o 

0 

M 

Zj 

cH 

T) 

o 

u 

o 


rUjC 

C4 

•i-i 

rt 

S- T3 



X 

rt 

p 

p 


0 

rt 


C 

p 

> 



rt 

o 

Hi " 

p 

•/H 

P 

-o o 

C) 


p 

X 


n. tJ 

D, 

rt 

X 

Z Pw 

a 

Cl 

o 

o 

rt 


rt • 


0 


f3 O 


■A 

a 


rt 

4—1 

P V. 

'a 

71 

-0 

^3 

‘/i 

X 


X 


rt 

<U rt 

rt 

'A 


1 C 

c: 

0 

-rt 

u 

o 

' M 

-a c 

u 

rt 

p 

rt 

o 



□ 

p 

)-4 

O Ci 

n 


n 

s: 


If 

rt 



rt 

fcs 

TJ 

71 


Cm V» 

P 

p 

o 


t// 

p 

rt 

rt 

«— » 

0 


rl uo- 

R c 


Hi >, o XI 




C rtl 

c; 

P 

rt 

rt 

^4. 

rt 


C4 C 

-■u 

c 

rt 

P 



X '•* 

’f 

iJ 

p 

c 

0 


tJ 


J 

4— ( 

0 


rt 



rt 

7. 

a 

c 

4-4 

4- 

1—0 

u 

rt 

0 

n 

•r-> 

B X 



X 0 

' M 


0 

e 


rt 

rt 


c: 

0 

P 

u 

P 



X X 

rt) 

7. 

E 

rt 

TJ 


0 

r. 

4.^ 

X 

rt 


0 



7. 


p 

3 


'ii 

rt 

•4^ 

P 


7> 

* 

4—1 

71 



C 


rt 

p 

c 

> 

i-H 

tj 

rt 

4-1 


T> 


X 



0 7. 

e 

rt 

p 

0 



rt 

cu 

0 

75 

rt 

4 J 

rt 



-4-4 rt 


0 

7i 

u 

P 

c 

p 

rt 



)•* 

rt 


74 


p rtJ 

rt) 

u 



P 

0 


C4 »-> 

rt 





rj -iH 




0 

*0 

• H 

rt 


r: 

> 

a 

f-1 

rt 

D 


C 


0 


c/j 


H 

,—t 

M 

0 

rt 

n 

X 

p 

0 


..-4 u 

cj 

X 

Oj 

rt 

rt 

rt 

X 

C 



E 


0 

If 


c: □ 


p 

X 

p 

X 

c: 

rt 

Cl 

3 



T) 

p 

C 

rt) 

n c 

X 


4J 

0 


-H 

> 

X 

C 

p 

X 

rt 


rt 

c 

p 

rt 

to 


> 

TJ 

a 

0 

(- 

p 

C 

rt 

P 

<p 


rt 

c: ^ 

p 

c 

X 

rt 

4-H 

rt 

B 

0 

71 

rt 

E 

E 

0 

c 


0 c 


‘f- 

p 


rt 

p 

rt 

7 

C 

c 



0 

0 

U rH 

‘A 

4-> 

• 4-4 

tp 

0 

c 

p 

-G 

’f 4 



n 

P 

p. 01 

p 

•P 

U 


0 

4C 

0 


d 


P 

0 


d e 

4-1 o 


H 

3 I 

tf 

t; HP 

X 

XI 
C 
d 


w l-i "D 
4. O 
COM 
■Hurt 
■ rt 

XJ >, u 
0X0 
X X 
3 XI 'X 
o rt 
>/. c 

H X 

O «-) 

P u 

O CO 
•3 4 h 


X 

M o 


C Ofl 
'll to 
E 4. 
Hi Hi 
[-■ > 
3 CO 
<A 

to HI 

O X 


3 " X 1- U 

n.x 
O M O M 
B O ^ 
d a « 
4* cxxi 

'll O Hi cO Hi 

X ^ M C 

p* t— 1 c -H 

'U 4) •<-< rt E 

tw p 

X o 

>, M M 
H '-1 O 

x> X) 


O M 

o 

hj XI e 
M HJ -.H 
CO HI M 
M U C 

HI X (U 
> H> O 


M <y 
O fi 
CZ tO 

3 

XJ o* 

l/> 

3 

O »-■ 
•C HI 
irt CU 


Excerpts Erom 
Proposed 
ANSI N328-197 


Proj)osed AmcrTcan National Standard 


Control of Radioactive Surface Contamination 
on Materials, Equipment, and facilities to be 
Released for Uncontrolled Use 



Property shali iiot be released for uncontrolled use unless docu- 
mented measurements show tlie total and removable contamination levels 
be no greater than the values in Table IV-2 or Table IV-3. (Table IV- 
is easier to apply when tl\e contaminants cannot be individually identi 
IVhere potentially contaminated surfaces are not accessible for 
measurement (as in some pipes, drains, and ductv^lork) , such property 
shall not be released pursuant to this standard, but made the subject 
case-by-casc evaluation. Credit shall not be taken for coatings over 
contamination . 



Table IV-2. Surface contamination limits 


Table iv-^. , . 

ever the 1 provided the maximum activity 
.e levels may than 5 times the limit value. 

^ any area of 100 cm 


Nuclide 


Limit Caetivity) 
dpm/100 cm 


Total Removablg 




1; Nuclides less "rfonhich the 

is 2 X 10 Ci/ra or iess,u_ ^ ^ ___ 


moccupational ?242m*! -243’; Cf-249; 

rrs=r"«h iii;r5ur.v.;“v 


Ci/m^ or less; 


100 


20 


„ ,, „o.. «uj..^n.. *" 

r.r/r:sr n 

^ d 

I ^ rf O ^ 


1000 


200 


.232. 


coup 3: 
roup 2, 


Those nuclides not in Group 


5000 


1000 


<tsee note following table on applicable to^ 

^MPC ; Maximum .^!ue®public as published by or deriv 

antinuoul exposure of —rs o the^publ 20, 

rom an authoritative source sue 

ppendix B, Table 2. Column ) ■ in Water applicable t< 

°MPC ; Maximum Perraissibl 
, embers o¥’the public. 


M' 


^values presented here are obtained from ^ 

Values pre values Ce. S- > /° radionuclides, 

'"’^'"fnlhe evl"t of the occurrence of a mixture^ofj 

re fraction -npibuted^by ^each «p^tt 
.eterminod and the 


Table JV-3. Alternate surface contamination limits 


(All alplia emitters, except U-nat and Th-nat are considered as a 
The levels may be averaged over 1 provided the maximum activi 
any area of 100 cm^ is less than 3 times the limit value. 

Limit (acl 

Nuclide d pm/ 100 

Total R( 

If the contaminant cannot be identified; or 
if alpha emitters other than U-nat and Th-nat 
arc present; or if the beta emitters comprise 
Ac-227, Ra-226, Ra-228, 1-125, and 1-129. 

If it is known that all alpha emitters are 
generated from U-nat and Tii-nat; and beta 
emitters are present which, while not 
Identified, do not include Ac-227, 1-125, 

1-129, Ra-226, and Ra-228. 

If it is known that alpha emitters are 
generated only from U-nat and Th-nat; and 
the beta emitters, while not identified, 
do not include Ac-227, 1-125, 1-129, Sr-90, 

Ua-223, Ra-228, 1-126, 1-131, and 1-133. 

‘^Notc on application of Tables lV-2 and lV-3 to isolated sp 
or activity: 

For purposes of averaging, any of surface shall be considered 
contaminated above the limit, L, applicable to 100 cm^ if: 

a. From measurements of a representative number, n, of section 
is determined that 1/n LSi ^ L, whore Si is the dpm/100 dete 

from measurement of section i; or 

b. On surfaces less than 1 , it is determined that 1/rv LSi > 

where A is the area of the surface in uni ts of ; or 

c. It is determined that the activity of all isolated spots or 
particles in any area less than 100 cm^ exceeds 3L. 


100 


1000 


5000 


Grand Junction Kcmodial Action Criteria 
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FART 7J2 - GR/\i\’l) JUNCTION 
REMEDIAL ACITON CRITERIA 


Z.l Purpose 

(a) The regulations in this part establish tlie criteria for dcter- 
"lation by ERDA of the need for, priority of, and selection of appropria 
nedial action to limit the exposure of individuals in t)ie area of 

and Junction, Colo., to radiation emanating from uranium mill tailings 
Lch have been used as construction-related material. 

(b) The regulations in this part arc issued pursuant to Pubi. L. 
-314 (86 Stat. 222) of June 16, 1972. 

1.2 Scope 

The regulations in this part apply to all structures in the area of 
md Junction, Colo., under or adjacent to which uranium mill tailings 
/e been used as a construction-related material between Januai'y 1, 19S1 
1 June 16, 1972, inclusive. 

Z.3 Definitions 

As used in this part: 

(a) '’Administrator'* means the Administrator of the Energy Research 
1 Development Administration or his duly authorized representative. 

(b) "Area of Grand Junction, Colo.," means Mesa County, Colo. 

(cj "Background" means radiation arising from cosmic rays and 

lioactive material other than uranium mill tailings. 

(d) "ERDA" means the Energy Research and Development Administration 
duly authorized representative thereof. 

(e) "Construction-related material" means any material used in 
? construction of a structure. 


(f) ’’External gamma radiation level" means tlie average gamma 
idiation exposure rate for tlie habitable area of a structure as measure 
^ar floor level. 

(g) "Indoor radon daughter concentration level" means that con- 
mtration of radon daughters determined by: (1) averaging the results 

6 air samples, each of at least 100 hours duration, and taken at a 
.nimum of 4-week intervals throughout the year in a habitable area of i 
:racture, oi' (2) utilizing some other procedure approved by the 
ymmission. 

(h) "Millillocntgen" [mR) means a unit equal to one-thousandth 
./lOOO) of a Roentgen which Roentgen is defined as an exposure dose of 
or gamma radiation such that the associated corpuscular emission per 
001293 gram of air produces, in air, ions carrying one electrostatic 
lit of quantity of electricity of eitlicr sign. 

(i) "Radiation" means the electromagnetic energy (gamma) and the 
Lrticulate radiation (alpha and beta) wiiich emanate from the radio- 
:tive decay of radium and its daughter products, 

(j) "Radon daughters" moans the consecutive decay products of 
idon-222. Generally these include Radium A (polonium-2i8) , Radium B 
ead-218), Radium C (hismuth-214) , and Radium (polonium-214). 

(k) "Remedial action" means any action taken with a reasonable 
;pectation of reducing the radiation exposure resulting from uranium 
11 tailings which have been used as construction-related material in 
id around structures in the area of Grand Junction, Colo. 

(l) "Surgeon General's guidelines" means radiation guidelines 
ilatcd to uranium mill tailings prepared and released by the Office of 
le U.S. Surgeon General, Department of Health, Education and Welfare oi 
tly 27, 1970. 

(m) "Uranium mill tailings" means tailings from a uranium mill 
leration involved in the federal uranium procurement program. 

(n) "Working Level" (WL) means any combination of short-lived 
.don daughter products in 1 liter of air that will result in the 
timate emission of 1.3 x 10^ MeV of potential alpha energy. 


I Interpretations 


Except as specifically authorized by the Administrator in writing, 
iterpretation of the meaning of the regulations in this part by an 
:er or employee of URDA other than a written interpretat ion by the 
ral Counsel will be recognized to be binding upon HRDA. 

) C ommun i cat i on s 

Except where otherwise specified in this part, all communications 
jrning the regulations in this part should be addressed to the 
:tor, Division of Safety, Standards, and Compliance, U,S. Energy 
irch and Development Administration, Washington, D.C. 20545. 

) General radiation exposure level criteria for remedial action 

The basis for undertaking remedial action shall be the applicable 
?Unes published by t)ie Surgeon General of the United States. 'Hiese 
ilines recommend the following graded action levels for remedial 
3n in terms of external gamma radiation level [EGR) and indoor radon 
\ter concentration level (RDC) above background found within dwellings 
:ructed on or with uranium mill tailings: 


EGR 

RDC 

Recommendation 

:er than 0. 1 

Greater than 

Remedial action indicated 

'hr 

0.05 WL 


0. 05 to 0. 1 

from 0.01 to 

Remedial action may be 

'hr 

0.05 WL 

suggested 

than 0 . 05 

Less than 0.01 

No remedial action 

'hr 

WL 

indicated 


^ Criteria for determination of possible need for remedial action 

Once it is determined that a possible need for remedial action 
:s, the record owner of a structure shall be notified of that 





measure, if any. A determination of possible need will be made if as 
result of the presence of uranium mill tailings under or adjacent to 1 
structure, one of the following criteria is met: 

(a) Ifliere ORDA approved data on indoor radon daughter concentral 
levels are available: 

(1) For dwellings and schoolrooms; ,An indoor radon daughter 
concentration level of 0,01 WL or greater above background. 

(2) For other structures; An indoor radon daughter concentratit 
level of 0.03 WL or greater above background. 

(b) Where ERDA approved data on indoor radon daughter concentral 
levels are not available: 

(Ij For dwellings and schoolrooms; 

(i) /\n external gamma radiation level of 0.05 mR/hr or greater 
above background, 

(ii) An indoor radon daughter concentration level of 0.0 1 WL or 
greater above background [presumed) . 

(A) It may be presumed that if the external gamma radiation lev€ 
is equal to or exceeds 0.02 mR/hr above background, the indoor radon 
daughter concentration level equals or exceeds 0.01 WL above backgrour 

(B) It should be presumed that if the external gamma radiation 
level is less than 0,001 mR/lir above background, the indoor radon dau| 
concentration level is less than 0.01 WL above background and no possj 
need for remedial action exists. 

(C) If the external gamma radiation level is equal to or greatei 
than 0.001 mR/hr above background but is less than 0.02 mR/hr above 
Dackground, measurements will be required to ascertain the indoor radc 
daughter concentration level. 

{2) For other structures; 

(i) An external gamma radiation level of 0.15 mR/hr above back- 
ground averaged on a room-by-room basis. 

(ii) Mo presumptions shall be made on the external gamma radiatic 
level/indoor radon daughter concentration level relationship. Decisic 
i/ill be m^de in individual cases based upon the results of actual mcas 


12.8 Determination of possible need for remedial action where 
criteria have not been met 

The possible need for remedial action may be determined where the 
riteria In 712.7 have not been met if various other factors arc presen 
uch factors include, l>ut are not necessarily limited to, size of tlie 
ffected area, distribution of radiation levels in the affected area, 
mount of tailings, age of individuals occupying affected area, occupan 
ime, and use of the affected area. 

12.9 Factors to be considered in determination of order or priority 
for remedial action 

In determining the order or priority for execution of remedial 
ction, consideration shall be given, but not necessarily limited to, 
he following factors: 

(a) Classification of structure. Dwellings and schools sliall be 
onsidcred first. 

(b) Availability of data. Those structures for wliich data on 
ndoor radon daugliter concentration levels and/or oxternal gamma radi- 
tion levels are available when the program starts and which meet tlic 
riteria in 712.7 will be considered first. 

(c) Order of application. Insofar as feasible remedial action 
ill be taken in the order which the application is received. 

(d) Magnitude of radiation level. In general, those structures 
ith the highest radiation levels will be given primary consideration. 

(e) Geographical location of structures. A group of structures 
ocated in the same immodiate geographical vicinity may be given priori 
onsideration particularly where they involve similar remedial efforts. 

(f) Availability of structures. An attempt will be made to sched 
emedial action during those periods when remedial action can be taken 
ith minimum interference. 

(g) Climatic conditions. Climatic conditions or other seasonable 
onsiderations may affect the scheduling of certain remedial measures. 


712.10 Selection of appropriate remedial action 

(a) Tailings will be removed from those structures where tiie 
appropriately averaged external gamma radiation level is ecjual to c 
greater than 0,05 mR/hr above background in the case of dwellings a 
schools and 0. 15 mR/hr above background in the case of other struct 

(b) Where the criterion in paragraph (a) of this section is ?i 
met, other remedial action techniques, including but not limited to 
sealants, ventilation, and shielding, may be considered in addition 
that of tailings removal. ERDA shall select the remedial action to 
nique or combination of techniques, which it determined to be the m 
appropriate under the circumstances. 



ENVIRONMENTAL PROTECTION AGENCY 
Title 40, Part 141 

Drinking Water Regulati ons--Radionuclidc5 

Interim Primary Drinking Water Regulations 
Promulgation of Regulations on Radionuclides 
Federal Reg'istev, Vol, 41, No, 133, pp. 28402-9, Friday, July 9> 


Part 141.15 Federal Register 
Vol. 41, No, 133, p. 28404, Friday, July 9, 1976 

Maximum contamination levels for ^^^Ra, and gross alp 

particle radioactivity. 

(a) Combined and - 5 pCi/liter. 

(b) Gross alpha particle activity (including ^^^Ra but excl 
radon and uranium) - 15 pCi/liter, 



APPnNDIX V 

H VALUATION OP RADIATION EXPOSURES AT THE 
MIDDLESEX MUNICIPAL LAjNDFILL, MIDDLESEX, NEW JERSEY 




EVALUATION OF RADIATION EXPOSURES AT THE 
MIDDLESEX MUNICIPAL LANDFILL, MIDDLESEX, NEW JERSEY 


The U.S. Department of Fniergy (DOE) has determined that the Middle 
Municipal Landfill in Middlesex, New Jersey, Is presently contaminated 
with naturally occurring radioactive residues. In 1948, this 23--acre 
site was used to deposit about 0000 cubic yards of soil contaminated 
with pitchblende ore (a naturally occurring mineral containing a high 
percentage of uranium). This contaminated soil had been moved to the 
landfill from the former Middlesex Sampling Plant by an autliorized 
contractor. Results of an Atomic Energy Commission (AEG) survey in 190 
I'evealed some higher-than-normai external gamma radiation levels over ^ 
area of approximately 1/2 acre. This finding resulted in the removal c 
about 600 cubic yards of contaminated material. Tljis cleaned area was 
subsequently covered with about 2 feet of clean fill dirt, thus lowerir 
the external gamma radiation to approximately normal levels. 

During the period between 19(i0 and 1974, a tract of land of approx 
mately 5 acres was sold to the Middlesex Presbyterian Cliurch and a 
building was constructed on the land. During weekdays, part of the 
building and grounds is currently used as a day care center for local 
children. Tlie churcli and tiic Middlesex Municipal Building are located 
on the western edge of the site, and Bound Brook forms a border along 
the northern and northeastern edges of the site. The closest residence 
to the center of the area where contaminated material exists is approxi 
mately 500 feet toward the soutii. 

Contamination at the Middlesex Municipal Landfill is due to under- 
ground deposits of naturally occurring radionuclides, principally 
uraniuin-238 and its decay products including, but not limited to, 
thorium-230 and radium- 22G. This contamination could result in slight 
radiation exposures to persons playing or working on the site, Tlie art 
containing most of ti\e contamination is not occupied at present; also, 
it is located at least 100 feet from both the church playground and a 
group of waste bins used by the local population for the disposal of 


Sunday, this buildio about 30 hours per weel 

3 hours. Tl,e .unicipai Vl T'' 100 persons fo. 

site, has an occupancy ™ ®0ge of t 

employees, -PProxr„,ately 600 „.an-hours per week by 

Radiation exposures to temporary occupants of 

two primary sources: inhalation nf a . 

which exist in air and ta r produc 

ail and gamma radiation emitterl h„ t-u 

the soil. Additional exposures from ingestion fe 

while occupying one of the contaminated areasl are l 

compared with inhalation nnd r relatively small 

presence of small pieces o u 

surface could poseT;:e:ti:noT:"'^"'" 

The radionuclides which comprise^the coT^'™ 
site are present in minute quantities thro 

centrations of these radionuclides in normaTsoil!"" ' 

etc , are referred to as background concentrations Td' 
resulting from this environment-il r ’ e^Pos 

background exposures. These backc ^ referred to as 

human activity and. to a large extenT caTb''’’''' """ 

-nan's moving to areas with lower background I 
->-n receives some background exposure Tiy ‘ 

The use of radioactive materials for scientif ■ 

medical purposes may cause radintin industrial, or 

level to be received by workers \n background 

hy members of the general publ ' tn ustry and, to a lesser exte 

....bu„..a a, 

than the limits established for workers in th 

Temporary occupants of the church t ^ industry. 

-rip Of land which borders the Middlesex 

■adiation exposures which are indlsf ■ landfill are recei 

a no case would an exposure in th' background exposu 

i-niting exposure to the general pubir" 

arizfifl ^ • Pi^esent exposur^c? 


Uranium- 238 is believed to have been created when the earth wi 
forniccl. It is still present today because it takes a very long tin 
decay, '[’lie half-life is a measure of the time required for decay; 
uranium- 238 it is 4.5 billion years. Thus, if you begin with one ( 
of uranium- 238, one-half curie will remain after 4.5 billion years. 
After 1) billion years, tiiis would only be one -quarter curie of 
uranium-238, etc. As the uranium-238 decays, it changes into anotl 
substance--thoriuin-234 . Thorium-234 is called the "daughter" of 
uranium-238, In turn, thorium-234 is the "parent" of protactinium- 
Uadioactive decay started by uranium- 238 continues as shown in Tabl 
until stable lead is formed. The "decay product" listed in this tt 
is the radiation produced as tlie parent decays. 

lixposure to External Gamma Radiation 

As may be seen in Table V-2, several of the daughters of 

uranium-238 emit gamma radiation. (Gamma rays are penetrating radi 

like X-rays.) Hence, the contaminated areas represent sources of c 

nal gamma radiation exposure. Gamma exposure rates measured at 1 ji 

t 

above the ground ranged from 4 to 32 mlcroRoentgens per liour. One 
small area (approximately 500 square feet), located in the center c 
site, shows an average external gamma radiation level of 30 inicro- 
Roentgens per hour at i meter above the gi'ound. If this small area 
to be occupied for 2000 hours per year (normal working hours), the 
resulting exposure would be equivalent to 60,000 microRoentgens . I 
comparison, a typical chest X-ray (according to Department of Healt 
Education, and Welfare data) might yield an exposure of about 27,00 
microRoentgens. The background exposure rate in tlie Middlesex ai'e? 
ranges from 5 to 10 microRoentgens per hour with an average backgre 


*A curie is a unit defined for expressing the amount of radio- 
activity present in a substance; one curie represents 37 billion 
radioactive disintegrations per second. 

t . .......... ... 


rate of 8 microRoentgens per hour. The average exposure rate measun 
at the Middlesex Municipal Landfill was about 5 microRoentgens per h< 

The National Council on Radiation Protection and Measurements (1 
has recommended a maximum annual whole body exposure rate of 500,000 
microRoentgens per year to an individual continually exposed in the 
general population; this corresponds to an exposure rate of 250 micri 
Roentgens per hour for 2000 exposure hours. At the present time, th< 
are no exposures at this site which exceed this guideline value. Fo: 
individual in the general public, this guideline is ten times lower i 
guidelines established for a worker in the nuclear industry. 

Inhalation of Radionuclides 

Radon-222, the daughter of radium-226 (as shown in Table V-2) i; 
Inert gas which may leave the soil and enter the atmosphere. Ihe av( 
daily concentration of radon-222 was 0,04 picocuric'*' per liter of ai: 
measured at the municipal building over a 7-day period in May, 1978. 
approximately the same time, the average daily concentration of 
radon-222 was 0.06 picocurie pei' liter of air measured at tlie Parker 
School. The Parker School is reasonably representative of area back] 
'riius, radon~222 concentrations attributable to the landfill site are 
comparable to those caused by background radioactivity. 

Radioactive decay of radon-222 is rapid (days) and its decay gii 
rise to short-lived daughters as shown in Table V-2. Background coh' 
centrations of radon daughters both inside and outside structures ar( 

t 

typically Less than 0.01 working level (WL) . The average concentrai 
of short-lived radon-222 daughters in air measured at the parking loi 
the municipal building was less than 0.001 working level. Consequeni 
exposures to radon-222 and its daughters (due to material buried at l 
site) arc insignificant as long as use of the site does not change. 


*One picocurie is one million-millionth of a curie, previously 
defined . 
t 

The working level is a unit which is defined for radiation 

nrotertinn niiTnncAc: •fn-r' iiranii 


It is further estimated that radon levels in the air of a structure 
(concrete slab or with crawl space) built directly over soil containing 
the bulk of the contamination could approach 0,8 picocurios per liter 
which is similar to indoor levels of background rad on -222. This level 
would be expected to yield radon daughter concentrations of about O.OO-l 
working level. If structures with basements were built in the same 
contaminated area, resulting radon daughter concentrations could be 
significantly greater. Although no such structures exist at the present 
and none arc planned for tlic immediate future, notliing definitive can lu- 
said at this time regarding long-range land-use plans. 

Studies of the liealtli of uranium and other hard-rock minors have 
establislied tliat inhalation of large quantities of radon daughters over 
long periods of time increases an Individual's risk of contracting lung 
cancer, llie present federal guide value for uranium mine workers (given 
by the Environmental Protection Agency [EPA]), when translated to the 
units discussed hero, would limit mine workers to an exposure of 0.33 
working level throughout the norinal work period of 2000 hours per year. 
This guide value is significantly lower ti\an the exposures received by 
most of tlic miners included in the health studies mentioned above. 

Other Considerations of Exposure 

Both groundwater and water from Bound Brook were sampled and 
analyzed for a variety of I'adionuclides . All samples had radionuclide 
concentrations well below the recommended values set forth in 10 CPR 2(i* 
for water consumed by the general public. 

Radiation measurements and soil samples taken along Bound Brook on 
the site indicate that small amounts of contaminated material may have 
migrated toward the brook from the ai'ea containing the highest levels ot 
contamination . 

hliile no crops are currently grown on this site, use of tlie contami- 
nated soil for such a purpose could produce additional human exposure 




Pari- 70 . is a reoulatorv 


tUrough consumption of crops which have incorporated radioactive mater 
Ce.g., radium-226). Actions which involve considerable scraping or 

V 

tilling of dry soil could lead to human exposure through inhalation of 
airborne radioactive dust. 

Use of this site or its residues for residential construction cou 
result in continuous exposures to radon daugliters which are in excess 
guideline values. 


Risk and Radiation Exposures 

Risks resulting from radiation exposures should be considered 
within the context of other risks incurred in normal living. For 
simplicity, risks to health may be classified in four categories: 

1. Unacceptable--problems Vvfitli risk so high as to require imme- 
diate action, such as severe diseases where medical treatmen 
is required to save a life. 

2. Concerned --problems where people are willing to spend time a 
money to reduce potential hazards. Examples of this include 
the maintenance of public highways and signs, signals, fire 
departments, and rescue squads. 

3. Kccognized--problems where people may accept some inconveni- 
ence to avoid certain activities such as flying in airplanes 
swimming alone, etc. 

4. No great concern- -problems with a low frequency of occurreiic 
There is an awareness of potential hazard but an accompanyin 
feeling that these problems occur only to other people. 

An individual may bo exposed to risks over which he can exercise 
some control (voluntary), and risks over which he feels he has no 
personal control or choice (involuntary). 

Oaily, an individual is confronted with decisions about risk whic 
liave an associated benefit--for example, driving a car. This can serv 
as an illustration that a voluntai'y, concerned risk may be deemed appi 
priate due to the desirable perceived benefit. As another example, an 
individual who smokes cigarettes has subjected himself to a risk of It 


For purposes of radiation protection, all radiation exposures 
assumed to be capable of increasing an individual's risk of contractii 
cancer. A precise numerical value cannot be assigned with any certaii 
to a given individual's increase in risk attributable to radiation 
exposure. 'I’hc reasons for tins arc numerous; tiiey include the indivic 
personal habits and state of licaltJi, previous or concurrent exposure i 
other cancer-causing agents, and tlie individual's family medical hist( 
Because of these variables, large uncertainties would exist in any 
estimates of the number of increased cancers in tfic relatively small 
population being exposed at tlie Middlesex I-andfill site. 

The normal annual dcatii rate from lung cancer for all population 
groups in Middlesex County (as of 1^1703 was 29.^1 dcatlis per 100,000 
population; in Somerset County (as of 1070), the rate was 26.0 deaths 
per 100,000 population. At the same time, the annual death rates froji 
lung cancer for all population groups in tlie United States and the st< 
of New Jersey were 21.1 and 2r>.7 deaths per 100,000 population, 
respectively. A onc-ycur exiiosuro to the guideline value for uraniinn 
miners (0.33 working level for 2000 hours) might increase tlie risk of 
death due to lung cancer by approximately four percent. 

The annual dcatl\ rate from all types of cancer among all populati 
groups in Middlesex County (as of 1970) was IHd deaths per 100,000 
population; in Somerset County (as of 1970), tlie rate was 160 deaths \ 
100,000 population. At the same time, the death rates from ail types 
cancer for all population groups in the United States and in the stat( 
of New Jersey were 151 and 175 j)er 100,000 j)Oj)ulation , respectively, 
one-year exposure to j)cnct rating gaimiia radiation of 500,000 iiiicroRoen 
might increase the risk of dcatl\ duo to all types of cancer by about 
one-tenth of a percent, t-xposurcs in excess of these guideline value: 
would be expected to result in proportionately higher increases in ri: 
Consequently, any action taken to reduce either the rate or the durat: 
of radiation exposures would also reduce the risk attendant to that 
exposure. 


IjUIKI I .1 

arc attributable to the presence of contaminated soil and materials 
burred within the soil. Contamination on the surface appears to he 
ed to a small area of approximately BOO square foot. The siiril 
exposures which presently exist, as well as more seriou.s potential' 
exposures, could be alleviated by removal of the contaminated materi.. 

soil' ThToOE rT “th several feet of uncontamlnu 

now actively evaluating alternatives under a nriori 
program designed to assure adequate public protection. 


Summary 

iiy occurring urnniunK?'^^ i* 

their daughters. Current radw 238, radiura-226, an, 

forent from background exposures ^^IZveTThl" T' 
poses the potential for producing elevated ’leveircr, 
future activities at the sit-» , ^ t’xposurc j 

or near the ground surface, or re^uU TtT" " 

over the contaminated area.' The POE h construction of l.ullding 
which addresses the specific probl ®veloped a coordinated plan 

other formerly utilized MED/AEC site" 'V" ‘ 

t">plement the elements of this plan. ' underway t< 


Table V~I. Summary of exposure data at the Middlesex Municipal Landfill, Middlesex, New Jersey 
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Tabic V-2. Uranium- 258 decay .series 


Parent 

fla 1 f - 1 i fe 

Decay products 

Daughter 

.um-238 

4.5 billion years 

alplia 

thorium-234 

urn- 234 

24 days 

beta , gamma 

protact ini urn- 2 34 

LCti uium-2.34 

1.2 minutes 

beta, gamma 

uranium- 254 

um~234 

250 thousand years 

alpha 

tiiori urn- 230 

uiii-230 

80 tiiousand years 

al pha 

radi urn- 226 

im--226 

1600 years 

. alplia 

radon-222 

.-222 

3.8 days 

alpha 

polonium-218 

ium-218^ 

3 minutes 

alpha 

lead- 214 

214"^ 

27 minutes 

beta, gamma 

bismut)i-214 

ith-214^^ 

20 minutes 

beta, gamma 

poloniuni-2 14 

ium-214'^ 

10,000 

alpha 

lead- 2 10 

210 

22 years 

beta 

h ismuth-210 

th-210 

5 days 

l)eta 

polonium- 2 10 

ium-210 

140 days 

alpha 

load -206 

206 

stable 

none 

none 


^Sliort-lived radon daughters. 



SliCTION II 


U.S. ATOMIC liNHRGY COMMISSION 
KADI A'r ION SURVEY REI’ORT FOR TUB BOROUGH OF 
MIDDLESEX MUNICTPAI, [.AMDFILL SITE 
JUNE, 1074 


PRE1T\CE 


Tliis I'adio logical survey was conducted by the Atomic Energy 
nission (AEG) in 1974, and a limited number of copies were distri- 
id. Tins printing represents a second edition for wider distribution, 
i effort was a prelude to the current Department of Energy program 
determinar i on of t))e radiological condition of sites formerly 
Li ted by the Manhattan Engineer District (MED) and t)jc AEC for work 
living the handling, storage, or disposal of radioactive materials. 

In 1974, tlio findings of the AEC survey indicated the presence of 
Loactivity in tlie landfill site; howovei*, it represented no measurable 
I at ion liealth or safety problem as the property was being utilized at 
, time. Major excavation or development of tlie site in tlie future 
Ld pose a potential for radiation exposure tliat could, under certain 
lumstances, exceed radiation protection standards for the general 
[ic. Such potential for radiation exposure would be of a low level 
could be dealt with at the time of planning and development without 
: to the public health or undue interference in development activities. 
] that long-range point of view, the AEC suggested to the Borough of 
llesex that tlie property record bo appropriately flagged to provide 
trance in the future that these considerations are recognized and 
uated in connection with requests for building permits or other 
.iblc real property zoning and land use. 



U.S. ATOMIC l-NL-UCY COMMISSION 
RADIATION SURVRY )U:PORT FOR TDC BOROUGH OF 
MlDDLFSliX MUNICIPAL LANDFILL SITE 
JUNE, 1D74 

INTRODUCTION AND SUMMARY 

the request of the Division of OjicratLonal Safety, Atomic Energy 
ion (AFC) Headquarters, a radiological survey of certain adjoining 
Lcs belonging to the Borougli of Middlesex, New Jersey, and the 
ex Presbyterian Cliurcli was made during the period March 25 to 
, 1974. The historical background leading to the requested 
is tliscussed in a iatcr section of the report. An area of approxi- 
^ acres was found to contain subsurface deposits of radioactivity 
from about 3 to 60 times naturally occurring gamma background 
Tliis area is approximately half on Borough property and half on 
)roperty. The deposits v>fere found to exist at depths ranging 
as than j ft to 18 ft. Over lUO soil samples from 59 core holes 
<en and analyzed for radium, uranium, and tliorium at the New 
:k Laboratory. An average radium concentration over the 3-ncrG 
found to i>e about 11 pCi/g with localized maximum levels up to 
'g- 

rface gamma measurements were found to be within the range of 
background variations except in a small area (<I00 ft^) where the 
bated residual is located near the surface. This area is on 
property presently used as a sanitary landfill. 

Ion samples were taken over tlie suspect area and inside the 
building and comjbarcd with background radon levels from off- site 
Only those samples taken in the area having elevated surface 
iadings were significantly above background levels (i.e., about 
? of magnitude higher). No evidence of elevated radon was found 
:he church building. 

biiminary survey findings were discussed by AFC representatives 
b Mayor of Middlesex Borough at the time of tlie on-site survey. 

M 7 cr*! It: c 7 nn uiftQ t.> J f K /'hm'r'h vcs . RcTbrcscnt at ives 


i.n i. , iMcuw A 1 X UUi X 


Jig cilc xuxtxcii pnases or riie on-site 


iurvey. fn response, it was indicated that survey findings would he 
. lue public when the analytical work was completed. 


CONCLUSIONS 


findings of this survey appear to support the following conclusions- 

1. •n,e contaminated area in its present configuration and use 

presents no significant radiation exposure potential to the 

pnblic. This should be the case as long as the area is 

undisturbed by excavation or the construction of habitable 
enclosures . 

-• The exposure of individuals at or exceeding AEG guide levels 
cannot be convincingly dismissed as a credible possibility ‘ 
under ct .3tances which could exist if the area were do eloped 
the future with residences or ether habitable structures 


historical background 


m 1948, dirt contaminated with Ditrl.hi= n 
'C Middlesex Sampling Plant site to th u 

tocted elevated radiaUon JeTIlViTtVT"'' ®>=®tcise, CD monitor 
Of the radioactive material T 

T ■•cceived newspaper coverage. The attention 

'■tcwang its past local activities 
‘ likPiv activities concluded that app 

source. Upon analytical conT- operations were 

^■■'^‘onde, a further survey oTt P-sence of 

; -nfirr.ed gag^a radiation leTIlVJo T" “ 

0 fairly consolidated area of less th 
were held With J; o 

->'« the significance of survey f a ' "" 'November, i960, to 

‘^'“"00. The aEC subsequently re '' "^"^‘‘Tal 

" --ved the part of the material 


111 .* •.nrr;H-.* (.M) yd ' ) ;iinl covnv.i tJic .'irLVJ with about 2 f 

(>l ch'iiu (lirf Ml I ( i f i ('ti I lo (•(•.liu'.' ‘.urliu’t* railialiun levels to about 
SO iiU/bf. ll|um aa*.uraiui' by llu* Ab.C ihal no luMllh hazard existed, 
lloroii>!li nli'ir I a 1 ■. a^ii-rrd 1 hr •.iliialion was sal i s laetory . .\'o otTlcial 

rrroial ul‘ t hr |•r‘.i^!ll.li r.m I ami iiat i on rxisls in available Borouj’h record: 

On .laimary AO, lO/'l, a mi’r[iii|; wa*; a)',ain heUI with Middlesex Borouj 
olfirial*; lo rr.iiir*;! ju* rm i i on ( <j rx'survr)- the involved area to permit 
rrovalualmn u I' rurrrnt rnnditiun:;. It was learned that about S acres 
prrvimr.ly a part of llir lainiril! liad been sold lo l)io Middlesex 
i’ia*sby { r r i an (.'biirrli and a eluirrh iniiidin); ei'i'cted thereon, f.ocation of 
t lie s.uv.prrl arra, a:. rrrolU'ctrd by "olil timers’' at tl\e Borouj'h , was 
iK’.ir I In* boiMi.bjry l.rlwt'rn rlnu’eli an.l .lump |)ro[)ert i es . Die accuracy of 
lilts, i a 1 o fiiiat i on has brrn sultsequent 1 y conrinneil by survey data. At 
llii:. iiir.’ i i lip, , I hr jirr-r. wa*'. infoniK'd ol' Aft! :airvey jilans and briefed on 
(hr lii.'.lory so |•|’(tttlul i np (he sus(tec(rd contamination. 

Hrsc j’ i pi i on of the Area Surveyed 

■flir arra lioiiiulrd hy Mountain Avrnue, I’ershinp Avenue, U'estminister 
**( rrri , and M.muuI UrooK is shown in fif,. 1. In DbJH, t)u' t ime when it 
is. sais.ju'clrd Ihal con I am i iia I etl soil was disjiosuil ol at the landfill, 
(‘s.'-.ent in 1 ly all nf t lu' area wa:'. desippialed as a landfUl site for the 
Hor(Mi}',h o i' dd I rs.'X . 

Suhs.r.iurnl t o t lu' I tUi I Ab.t! eleaiuiji action, a S-acrc jilot was sold 
to Die Middlesex Prissby I er i an idinrch and a huildiiip constructed. It wa^ 
mule rs. loot! I’raini d i scinr; i on:‘> with local people familiar with the history 
ol the s> i le that I lu' I'hurch aiul municipal hiii Itling weie constructed on 
"noiif i I I” or ';o I id p.i'onnd. 

In IddH, llu* Iniuli'ill area was essentially a pully from the brook 
lo w Lib in IdO m 200 i't ol' Mountain Avenue. The area is now, for tlic 
most part, level to witiiin about fOO ft of the brook- -indi cat ing tlic 
ainounl. ol' I t 1 1 wlii.eh has lieeii deposited. Bound Brook flood plain clevat 
i It: Axff'niie. The suriacc of the landfill has 


The currGnt landfill site lies to the south and southeast of the 
Presbyterian Churcli property and is expected to reach final elevations 
and terminate operation in 1974. Borough plans for the site are rc])ort 
contingent on the availability of federal funds. If funds become 
available, a park-recreation area may be developed in the present land- 
fill area. 


SURVEY FINDINGS 

Surface Gamma Survey 

Figure 2 shows a schematic of the area covered by systematic 
traverses of areas presently or formerly used for landfill disposal. 
Other areas around the buildings and parking lots which were not ame- 
nable to such systematic traverses were surveyed and found to be 
generally in the background range of 9 to 11 pR/hr. Asphalt parking 
areas tended to measure somewhat lower (i.e., 7 to 9 pR/hr) . 

Core holes 1, 2, and 6 (see Fig. 3) were drilled to explore areas 
with elevated gamma readings (i.e., 80 pR/hr, 17 pR/hr, and 30 pR/hr, 
respectively). Drillings confirmed the presence of contaminated mate- 
rial near the surface. Core hole 34 was drilled at the other location 
of elevated reading (i.e., 20 pR/lir) , and no significant subsurface 
contamination was found. Core holes 7 and 20, with normal background 
readings at the surface, revealed substantial deposits of radioactive 
materials at depths from 2 to 4 ft. Hence, it is apparent that surface 
readings are not a conclusive measurement unless the deposit is very 
near the surface. 


Radon Survey 

Radon surveys wore conducted by the AEG Health and Safety Laborato 
(HASI.) . The intended purpose of the radon survey was to assist in 
identifying the location of contaminated material in the dump site. As 
with tlie surface gamma survey, the radon data arc not conclusively 
indicative for deeoer deuosits. Extensi on of tho i nt i rs'P 


Background radon emanation within a few miles of the Jumi) site as 
niSLired by ilASI- revealed fluctuations up to a factor of six. These 
lasuremonts are made by scaling a "flux can" to the ground and> after a 
impling period of 30 min, transferring the trajipcd air from tlic can to 
radon scintillation clumber, lladon emanation rate may tlicn be calcii- 
itcd in curies per luii t area per unit time. Comparison Vvvlth similar 
'pc measurements made in t)io suspect area sliowcd some samples to be 
) 0 vc tlio reference off- site background range. All but one of tlio 
^evated samples arc in the small area with surface radiation levels of 
) to 50 pK/hr and are about 10 to 20 times concurrent off- site radon 
;vcls. 'I'hc other elevated sample, wliich showed an emanation rate about 
dee tlie maximum background levels, was from an area witli surface gamma 
hidings of 14 to 15 pll/hr. 

Had on and radon dangher measurements made in the cliurch building 
?re indlst ingui shable from naturally occurring levels. 

Subsurface Survey 

Thirty-nine core holes were drilled as showni in I'ig. 3. liach hole 
IS scanned witli a shielded Cieiger-Muo 1 Icr (G-M) probe, and ganuiia 
idiation readings arc tabulated in Table 1. The maximum radiation 
jvel detected was about 0.6 mU/Iir. Contaminated material was detected 
fQT an area of about 3 acres as shown by tlie shaded area on Idg, 1. 
nUamination was found to exist over this area in a layer generally 3 
) 5 ft in tldckness and at dcptlis from less than 1 ft to about 18 ft. 
k'o typical cross sections tlirough t)ie contaminated area arc illustrated 
1 Figs. 4 and 5. It is roughly estimated tliat between 1.5-20,000 yd^ 

' contaminated material may exist in this area. If so, an obvious 
.lution of the remaining 6000 yd^ hauled here in 1948 has occurred, it 
iQuld be pointed out that in this report "contaminated" refers to areas 
lero gamma radiation readings in core holes exceed 50 cpm. This 
^presents about three times observed background levels in the core 
)les (i.e., 20 pil/hr) . Selection of this criterion is based solely on 


criterion is not selected to suggest that higher levels represent a 
healtli hazard. 

Soi.1 samples were analyzed by the New R runs wick haboratoi'y for 
uranium, thorium, and radium concentrations. 

Table 2 is a compilation by core hole of the analytical results, 
It is noted tliat radium concentrations over the 3-acrc area average 
about 11 i^Ci/g with the maximum observed to be 140 pCi/g. Naturally 
occurring radium in area soil is about 1 pCi/g (NYO-1521). Uranium 
levels up to 280 ppm were found. This compares with the 10 CFR 40 di 
rrrini-rms concentration of 500 ppm. Uranium concentrations appear to 
track consistently with radium concentrations as one would expect. 
Thorium concentrations are not appreciably different from general ba( 
ground levels reported to ERA (ORR/SID 72-1). 

Soil samples were collected along the brook to assess any run oi 
from the contaminated residual. Crass was also collected in the vie: 
of core hole 20 for analysis. These analytical data are included in 
Table 2, 


Evaluation of Data 

Two conditions require evaluation to permit an understanding of 
liealth and safety implications of radioactive material remaining in 1 
landfi 1 1 site. 

® Case 1 - Kliat is the potential for radiation exposure to indi- 
viduals assuming tlie area remains undeveloped or otherwise 
undisturbed by excavation below the existing surface? 

• Case 2 - ITliat is the potential radiation exposure to individuj 
if the area is developed and subsurface deposits are disturbc< 
and/or exposed? 

Case 1 suggests a situation which may exist at the site for at most i 
few years. The present landfill site is expected to terminate opera- 
in the immediate future. The part of the cliurch property which conti 
radioactive material will likely have a development potential indepei 
of that of the Borough Landfill but equally as unpredictable at this 


It Is clear, however, that for as long as Case 1 conditions exist 
the credible potential for gaima radiation or radon exposure approadii 
a traction of the AhC population guides is negligible. Certainly no 

health hazard attributable to the radioactive deposit can be imagined 
for Case 1. 


l-or t)ie conditions anticipated for Case 2 , one must consider the 
additive exposure effect of gamma radiation levels existing at the sit 
aad the radon concentrations which emanate from residual radium depos i 

Piojcctcd external gamma exposure from maximum residual radiation 
levels (0.() mll/lir) could be on the order of 5 rem/year if one assumed 
contijiijous occupancy and ignored the practicalities of geometry, atteni 
at ion, and radiation field averaging. One may allow at least a factor 
of O.l reduction to account for these parameters and retain some inargii 
of conserva t i sin . ll'ius> exposure at the 0,5 rem/year level may bo con- 
sidered jiossible under very limited circumstances. Further reduction i 
tl)is projected exposure rate is probably possible; however, since no 
radiological control exists over the use of the site, it is considered 
inadvisable to rule out those circumstances which are, in fact, tlieore' 
ically ])ossil)lc. 

Projected radon exposure becomes significant only if buildings an 
constructed in t)ie contaminated area causing a concentration or buildu] 
inside the structures. The following section provides a computation oi 
radon buildup in a house assuming soil concentrations on the order of 
100 pCi/g. Based on soil analyses in Table 2, this level must be 
considered credible. 


TIIP.ORPTICAL IMPACT OF RADIATION RESIDUAL ON RADON LEVELS IN 
FUTURE CONSTRUCTION AT THE MIDDLESEX MUNICIPAL L/\NDITLL SITE 


Statement of Problem 


This section develops a 
that would be expected in the 


theoretical calculation of the radon level 
baseline of a house constructed on the 

ciiKiiarf tn thp effects o! 


1 


f 1 r : 1 1 


Statement of Basic Assumptions 


1. Regarding the prevailing radium concentration: Soil analyse: 
over the 3-acre area containing residual pitcliblende contami 
nation indicates an average radium concentration of about 

11 pCi/g. This compares to a naturally occurring background 
level of 1 ))Ci/g. For this calculation, to assure conservat 
the five highest soil samples have been averaged yielding a 
radium concentration of about 100 pCi/g. It is assumed that 
house could be exposed to soil containing such a radium leve 

2. Regarding the l\ypotheti cal future house construction: It is 
assumed tliat the floor of the baseline is 8 ft below grade a 
dimensions of the basement arc 00 x 30 ft- It is assumed th 
backfill around the basement wall extends 2 ft in the perpen 
dicular direction out from the four basement walls. Tlie 
backfill is assumed contaminated to a level of 100 pCi of 
radium per gram of soil. 

Utilizing these basic assumptions, tiie following calculation is 
nade to attempt to predict radon levels in future iiousing whicli might 
constructed on the landfill site. 

The source, 5, of t)io radon will be the inventory of radium in th 
;olume, Vj^, of backfill: 

5 = (100 pCi/g} 

= (60' X S’ x 2') 2 walls + (30' x 8' x 2’) 2 walls = 

3 X 10^ ft^ 

p = 100 Ib.s/ft^ = density of backfill 

5 = 3 X 10* ft* X 100 Ibs/ft* X 450 g/lb x 100 pCl/g = 13.5 mCi. 

Assuming the radon to bo in equilibrium with the radium, there would b 
;otal of 13.5 mCi of radon produced in the backfill. It is crudely 
istimated from geometrical considerations that about one- third of the 
'adon produced or 4.5 mCi would enter the basement. 

Now the question becomes what is the maximum concentration of rad 
hich will occur in tiie house assuming a minimum ventilation rate of 


f ORNL to be the lowest observed in their feasibility studies of tritium 
mtaminated natural gas usage in connection with Project Gasbuggy. 


?t 

W = the number of radon atoms at time, 6, 

C-^ = a. constant source of radon atoms, 

= 4.5 X 10“^ Ci X 3.7 x 10^° atoms/sec = 1.7 x 10® atoms/sec, 

C\ = a rate at which radon atoms are removed via ventilation 
= 0.5/hr = 1.4 X 10"‘7sec. 

\erefore , 

^ = C. - \N - C\N, ( 2 ) 

at ^ 


lere A is the radon decay constant. 


0.695 

3.8 day^s x 24 hr/day x 3600 sec/ hr 


2.1 X lO'Vsec. 


ince A is much less than for purposes of this calculation, the 
adiological decay of radon will be noglected and the \N term in 
quation (2) drops out leaving 


4a r 
dt ' 1 


C2N. 


(3) 


ntegrating equation (3) and solving for N gives 


N = 


fi 

^2 


[1 


exp(-C^t)] . 


(4) 


et to represent an equilibrium condition 


/v' = ^ at equilibrium 


(5) 


- = 1,2 X 10^^ atoms of radon, 

1,4 X 10"'*/?^ec 


he radon activity at equilibrium in the house will bo 
/V - i«3 X 10^^ atoms x 2.1 x 10*‘®/sec _ y 


( 6 ; 


The equilibrium radon concentration, X, in the basement due to 
radium inventory in the backfill is therefore 


70 Ci 

volume of basement 


1.4 X 10*^ Ci/cc. 


This equals a working level concentration of 1.3 WL. 

It should be pointed out that, if the house were built wit 
basement upon a concrete slab on top of ground contaminated at 
10 pCi/g concentration, the radon levels in the house may be tw 
three times below this level. 

In the above calculations, no credit is taken for the atte 
of radon as it diffuses through the walls of the structure. 
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ral)lc 1. Radiation profile of core hoJos, 

readings in counts per minute ((!PM) 
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Iriblt.* 2. (!orc hole soil samples (cont.) 


Sample 
Local ion 

lia (>Ci/}4 

1-8 IJ/g^ 

•IK Th/g“’ 

Sample 

Location 

Ua pCi/g 

Hg U/g'^ 

•ig Th 

Hole 

23 




Hole 31 




0' 3 

ft 

<1.0 

2 

5 

0- 3 ft 

5.1 

4 

n 

5- 8 

ft 

11) 

*7 

S 

3- 8 ft 

<1 .0 

4 

7 

A-15 

ft 

S. 3 

4 

() 

3-13 ft 

2.1 

4 

10 

Hole 

31 




Hole 35 




0- 3 

ft 

r..o 

1 

1 

0- 3 ft 

3.9 

J 

7 

3- 8 

ft 

5.0 

2 

4 

3- b ft 

1 1 

16 

8 






8-13 ft 

S.3 

9 

5 

Hole 

25 








0- 3 

ft 

1.0 

1 

7 

Hole 3h 




5- 8 

ft 

1.2 

3 

0 

0 ' .3 ft 

3. 1 

4 

S 

S-11 

ft 

1.1 

2 

5 

3- 8 ft 

7.6 

17 

7 






8-13 ft 

1 1 

lb 

10 

Hole 

2(. 








0- 3 

ft 

3.3 

Vi 

(1 

Hole 37 









0- 3 ft 

3.5 

2 

1 

Hole 

27 




.3- 8 ft 

5.8 

2 

5 

0- 3 

ft 

2 .y 

3 

7 

3-13 ft 

0.8 

2 

5 

5- 8 

ft 

4.1 

<) 

1> 

Hole 38 




Hole 

28 




0- 7 ft 

<0.1 

2 

6 

0- 3 

ft 

3. 1 

•) 

3 

7-13 ft 

1 . 1 

5 

5 

3- 8 

ft 

0,5 

1 

‘j 

Hole 311 




8- 13 

ft 

s 

7 

0 









0- 8 ft 

1 .5 

3 

7 

Hole 

29 




3-13 ft 

y .5 

4 

7 

0- 3 

ft 

4.5 

1 . fi 

1 





8-13 

ft 

4 

5 

3 

Creek 1 




13-18 

ft 

]y 

25 

7 

On flood- 
plnne N of 




Hole 

JO 




hole 58 

3.1 

1 .5 

4 

0- 3 

ft 

2.8 

3 

5 

Creek 2 




3- 8 

ft 

1 .? 

2 

5 




8-15 

ft 

7 

3 

s 

0)1 flood- 




13-18 

ft 

3.3 

2 

1 

plane N of 
hole 38 

3.5 

1 .5 

3 

Hole 

31 








0- 3 

ft 

0.7 

3 

0 

Creek 3 




3- 8 

Ft 

<0. 1 

1 1 

11 

On f 1 ood - 




8-13 

ft 

2.8 

3 

5 

plane 1- of 
hole 2f) 

4.0 

2 

5 

Hole 

32 








0- 3 

ft 

3 

1 

6 

Creek 4 




3- 8 

ft 

<0. 1 

.1 

15 

On flood- 




8-13 

ft 

4.7 


7 

plane C of 
liole 5 

A.b 

l.S 

4 

Hole 

33 








0- 3 

ft 

8.7 

4 

8 

Crass at 




3- 8 

ft 

3.7 

2 

0 

hole 20 

3.4 

0.4 

1. 

8-13 

ft 

5.2 

2 

0 






‘^Accuracy of these values is estimated to be t2Q%. 

Sample from the original hole which could not be drilled beyond this depth. 




